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1 Abstract 

(f) 1 In this paper we analyse a certain type of higher derivative gauge 

theories which are known to possess BRST symmetry associated with 
their higher derivative structure. We first show that these theories are also 
invariant under a anti-BRST symmetry and a double BRST symmetry. 
We then discuss the invariance of these theories under shift symmetry in 
the superspace Batalin Vilkovisky (BV) formalism. We show that these 
theories are manifestly extended BRST invariant. However they are only 
extended anti-BRST invariant on-shell. 
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1 Introduction 

Higher derivative gauge theories arise naturally expansion of the Born-Infcld 
qq ■ action for D-branes pQ-@]. These higher order corrections to gauge theories 

become relevant for studding D-branes beyond the slowly varying field ap- 
proximation. The expansion of the action can be viewed as an expansion in 
a' and the Yang-Mills coupling <?, with a' gF pv being dimensionless. Thus 
the lowest order term are corrected by terms like a' 2 g 2 F^F^FP"F pa and 
a' i g A F tlv FuuFf" 7 F pa F TX F r \ along with terms like a' 3 g 2 D 2 F^ 'F pv FP° ' F pa and 



Or 



X 



a' 4 g 2 D 4 F^F tlu FP"F pa . 

Higher derivative gauge theories are also important in the study of linearly 
polarized laser beam propagating through transverse magnetic field [5]. It is 
hoped that induced ellipticity of the laser beam can be explained by effective 
cubic order Lagrangian in the field strength [6] . 

However existence of higher derivatives causes theses theories to possess 
negative norm states or ghost states associated with their higher derivative 
structure [7J-[TT]. It is well know how to deal with the problems associated 
with negative norm states induced by the Faddeev- Popov ghosts in conventional 
gauge theories by means of BRST and anti-BRST symmetries [H]-[l3]- ^ n i^ct, 
gauge invariance in gauge theories also has very interesting consequences in 
string theory [H]-[22]. ^ e -BRST symmetry has been studied in string 
theory This BRST or anti-BRST invariance of the sum of the classical 
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Lagrangian, the gauge fixing term and the ghost term can be used to remove 
all the negative norm states associated with the Faddeev-Popov ghosts. 

Recently BRST symmetry in higher derivative gauge theories has been stud- 
ied |33j . This BRST symmetry is not due to gauge fixing but is an intrinsic 
feature of a certain type of higher derivative gauge theories. In fact it was 
demonstrated in [33]- [33] that even certain scalar field theories possess BRST 
and anti-BRST symmetries along with double BRST symmetry. Furthermore, 
the effect of shift symmetry on these scalar theories has also been recently 
analysed in the superspace BV-formalism [33]. BV formalism [35]-[37] in the 
context of both the extended BRST, and the extended anti-BRST symmetries 
of Faddeev-Popov ghosts [38]- [40] along a superspace formalism for it is also 
well understood [33] -[33]. 

In this paper we will analyse certain gauge theories known to possess a BRST 
symmetry with their higher derivative structure |33j on similar line to what was 
done in [33] ■ So we will first show that these higher derivative gauge theories also 
possesses anti-BRST symmetry along with the double BRST symmetry. Than 
we shall study the effect of shift symmetry on these theories in the Batalin 
Vilkovisky (BV) formalism. So we will study these higher derivative gauge 
theories in the superspace BV formalism in analogy to what was done for scalar 
field theories BRST symmetry associated with their higher derivative structure. 



2 BRST and Anti-BRST Invariant Lagrangian 
Density 

The Lagrangian density C of higher derivative gauge theory that we will analyze 
in this paper is 

C = Tr ^OA^OA^ + c^Oc^ , (1) 

where is a ghost field, c p is an anti-ghost field, A^ is a gauge field and O 
depends on the order of the theory. The Lagrangian density given in Eq. (TJ]) 
can then be rewritten using an auxiliary field L M as 



C = Tr 



ISOA li -±L> t L li + # i Oc lt 



(2) 



We can also write this Lagrangian density explicitly for any order of the 
theory. For example for a fourth order theory it is given by 



Tr [L^OA^] = Tr 



V ( D u F fiV + ^dpVK 



(3) 



With this the Lagrangian density for a fourth order theory can be explicitly 
written as 



C = -Tr 
2 



D v F^D p FW + ^d»d»A p d ti .d°A 



(4) 



-—D v F vll d IJ, d p A p + /"J F - 2i{c^ c v }F vp 
a 

a 
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However we will use the Lagrangian density given by Eq. (0) in this paper so 
as to keep the results very general and applicable to any order gauge theory. So 
we will not define the exact form of O in this paper as it will in general depend 
on the order of the theory. 

The Lagrangian density given by Eq ([2]) is known to possess a BRST sym- 
metry [33] . as it is invariant under the following BRST transformations 

5 Aft = c M , 
dc p = 0, 

SL„ = 0. (5) 

We note that this Lagrangian density given by Eq ([2]) is also invariant under 
the following anti-BRST transformations 

SA, = c,, 

5c, = 0, 

5c, = L,, 

SL, = 0, (6) 

Now we can write this Lagrangian density as a total BRST variation or a total 
anti-BRST variation as follows: 



C = 5Tr 
= -STr 



OA, - \h, 
OA, \h. 



(7) 



However it can also be written as a total double BRST variation. This is a 
feature of gauge theories with higher derivative structure as in conventional 
gauge theories this can only be done in Landau gauge or in non-linear gauges. 

C = ^66Tr[(A»OA,-c»c,)} 



--5STr{(A»OA,-c»c,)}. (8) 



3 Extended BRST and Anti-BRST Lagrangian 
Density 

The extended BRST and anti-BRST invariant Lagrangian density is obtained 
by requiring the Lagrangian density to be invariant under the original BRST 
transformations, the original anti-BRST transformations and the shift transfor- 
mations of the original fields given by 

A, — > A, — A,, 

CfA ^ C, C, : 

L, -> L, — L,. (9) 
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Thus the extended BRST invariant Lagrangian density given is invariant under 
the following extended BRST symmetry with the transformations 

SAp = Vv, SAp = (Vv - (Cp - Cp)), 

Sep = e^, Sep = ep, 

Sep = ep, Sep = (lp + (Lp - Lp)), 

5Lp=pp, 5Lp = pp. (10) 

Here, ipp, e M , e M and pp are the ghost fields associated with the shift symmetries 
of the original fields Ap, Cp, Cp and Lp respectively. Following the standard BV- 
formalism we also add anti-fields with opposite parity to the original fields along 
with new auxiliary fields. These anti-fields transform into new auxiliary fields 
under BRST transformations, 



sa; = 


-bp, 


K = 


-Bp, 


K = 


-Bp, 


sl; = 


-bp. 



(11) 

The BRST transformations of these ghosts associated with the shift symmetry 
and these new auxiliary fields vanish 

= 0, Sbp = 0, 

Sep = 0, SBp = 0, 

Sep = 0, SBp = 0, 

S P p = 0, Sbp = 0. (12) 

The original and shifted fields obey the extended anti-BRST transforma- 
tions, 

SAp = A^, SAp = A^ + (c.p — Cp), 
Sep = c* , Sep = c* + (Lp - Lp), 
Sep = Cp, Sep = c^, 

Sip = l;, sip = l;. (is) 

The ghost fields associated with the shift symmetry have the following extended 
anti-BRST transformations, 

Hp = bp + (Lp- Lp), 

Sep = Bp, 

Sep = Bp, 

Spp = bp, (14) 

and the extended anti-BRST transformations of the anti-fields of the auxiliary 
fields associated with the shift symmetry vanishes, 



Sbp 


= o, 


sa; 


= 0, 


SBp 


= 0, 


Sep - 


= o, 


SBp 


= 0, 


Sep ■■ 


= 0, 


Sbp 


= 0, 




= 0. 



(15) 
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Now we can find a Lagrangian density which is invariant under the extended 
BRST transformations and also invariant under the extended anti-BRST trans- 
formation at least on-shell. It has to be invariant under extended anti-BRST 
transformation on-shell as the extended anti-BRST transformation reduce to 
reduce to standard anti-BRST transformations on-shell. 

Following what was done for scalar held theories in [33], we choose the La- 
grangian density in such a way that it fixes the shift symmetry in such a way 
that the tilde fields will be made to vanish. Thus the Lagrangian density with 
extended BRST symmetry and on-shell extended anti-BRST symmetry is given 
can be written as: 



TV 



Sty 

5c^ 



A* 



Sty 



Sty 



L* 



Sty 



(16) 



with 



* = -Tr^iOA^ - L„/2)] 



(17) 



Now we can obtain explicit expression for the anti-fields in terms of the 
original fields by integrating out the ghosts associated with the shift symmetry, 



4* 



L* 



Sty 

SAv ' 
Sty 

Set*' 
Sty 

Sty 
SIJ 1 ' 



(18) 



Now we can compare this expression with the original one and that will lead to 
the identification of these anti- fields with the original fields as follows: 



A* 



0, 



L* = 



-OA, + -f, 
2 ' 



(19) 



4 Extended Superspace 

This Lagrangian density can be given a geometric structure in terms of super- 
space formalism. However as the ghosts are vector field for these theories we 
will need to define superfield with free Lorentz index with two anti-commutating 
parameters, namely 6 and 6. Thus we define the following superficlds: 

ip^(x,9,6) = i4 M + ^ M +fl(i4; + (S M -S M ))+^(6 M + (L M -L M )), 
<^0z,M) - i M + 0(Vv-(c M -^))+H* t + 0%, 
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, Or* 



99B 



A" 



X»(x,9,9) = c„ + 9e 
X„(z,0,0) = c^ + 9e fl + 9c; + 99B^, 
%(x,9,9) = ^ + 9(e ft + (L^-L ft )) + 9c; + 99B^. 



(20) 



Now we can define C as the Lagrangian density that depends only on the shifted 
fields. Thus from the above expressions, we get 



89 89 
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-Tr 



A*"(^-(c M -c M ))-fl% + <f% 



+5% - c*"(c M + (L„ - L„)) 



(21) 
(22) 



Being the 00 component of a superfield, this gauge-fixing Lagrangian density is 
manifestly invariant under extended BRST and anti-BRST transformations. 

We now define C as the Lagrangian density for the original fields and write 
it as 

C=S-J5(0Mx,9,9)), (23) 



do' 



where 



$(x,9,9)=Trl^(x,9,9) Xl t(x,9,6)}. 
We can thus express it as follows: 

$(x, 0,0)=^ + 95^ + 05^ + 0055^. 



(24) 



(25) 



The component of 00 can be made to vanish on-shell. This Lagrangian density is 
manifestly invariant under extended BRST transformations. It is also invariant 
under on-shell extended anti-BRST transformations. 

The complete Lagrangian density is given by the sum of the above two 
Lagrangian densities. It can therefore be written as: 



C + C 
d_d_ 

80 80 

-Tr 



Tr 



\&<P» + X%) + ^(S(9Mx,9,9)) 



b^A^ - B% + B% - (A* 



(5* 
SAv 



(26) 



We can redefine the auxiliary field as — L M — > L M because the combination 
(L,j, + Lp) can then be integrated out and absorbed into the normalization 
constant. 



5 Conclusion 



We have analysed higher derivative gauge theories with suitably added ghost 
terms in the superspace BV formalism. These theories are expressed as a total 
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double BRST variation. We have also analysed the effect of shift symmetry on 
these theories. These theories are invariant under extended BRST transforma- 
tions but they are only invariant under on-shell extended anti-BRST transfor- 
mations. 

It will be interesting to develop a supersymmetric version of this theory 
and apply it to higher derivative super- Yang-Mills theories. However so far no 
higher derivative super- Yang-Mills theory is know to possess a BRST symmetry 
associated with its higher derivative structure. But we can proceed to construct 
such a theory by considering the theory studied here as the bosonic part of the 
higher derivative super- Yang-Mills theory. It will also be interesting to apply 
the results of this paper to higher derivative Chern-Simons theories. It will be 
interesting to generalise the results of this paper to de Sitter and anti-de Sitter 
spacetimes [U]-[I5]. It will also be interesting to investigate higher derivatives 
in gauge theory using Wheeler-DeWitt equation @H]-[53|. 
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